Objectives. The primary objective of this study was to assess the effectiveness of two prehospital stroke screens in correctly classifying patients suspected of having a stroke. Secondarily, differences in the sensitivity and specificity of the two screening tools were assessed. Methods. We performed a retrospective assessment of the Cincinnati Prehospital Stroke Scale (CPSS) and the Medic Prehospital Assessment for Code Stroke (Med PACS) between March 1, 2011, and September 30, 2011, in a single emergency medical services (EMS) agency with seven local hospitals all classified as stroke-capable. We obtained data for this analysis from the EMS electronic patient care reports (ePCRs) and the Get With The Guidelines − Stroke (GWTG-S) registries maintained by the two local health care systems by matching on patient identifiers. The Med PACS was developed specifically for the EMS agency under study by a local team of neurologists, emergency physicians, and paramedics. All of the physical assessment elements of the CPSS were included within the Med PACS. Two additional physical assessment items, gaze and leg motor function, were included in the Med PACS. We classified patients as CPSS-positive or -negative and Med PACS-positive or -negative if any one of the physical assessment findings was present. We determined the presence of a hospital discharge diagnosis of stroke from GWTG-S. We calculated sensitivity and specificity with resultant 95% confidence intervals. Results. We enrolled 416 patients in this study, of whom 186 (44.7%) were diagnosed with a stroke and the specificity of the Med PACS was significantly higher compared with the CPSS, with a difference in specificity of 0.086 (95% CI 0.042-0.131), p < 0.001. Conclusion. The two stroke scales under study demonstrated low sensitivity and specificity, with each scale performing marginally better in one of the two metrics assessed.
INTRODUCTION
Stroke is the fourth leading cause of mortality (40.6 per 100,000 per year) in the United States. 1 Approximately 600,000 strokes are first-time events, contributing to stroke's being the leading cause of long-term disability in the United States. 2 Emergency medical services (EMS) providers are a key component of the health care system and often serve as the first medical contact for stroke patients. Among the important tasks for EMS providers to perform are the recognition and identification of acute stroke patients rapidly and accurately in the field. Accurate identification allows EMS responders to initiate appropriate treatment in the field, determine the most appropriate destination facility, provide advanced notification to that facility, and expeditiously transport the patient. Prehospital advanced notification has been associated with improved stroke time targets and rates of thrombolysis. [3] [4] [5] Unfortunately, prehospital providers' ability to accurately identify patients presenting with stroke signs versus stroke mimics is unclear. For example, one study demonstrated that almost a fourth of the patients identified as sustaining a stroke by prehospital providers were discharged for other medical conditions. 6 Prehospital stroke screens have been vigorously promoted and widely adopted to assist prehospital providers in identifying patients with acute cerebral ischemia and intracranial hemorrhage. 7 The most common screens include the Cincinnati Prehospital Stroke Scale (CPSS), adapted from the hospital-based National Institutes of Health Stroke Scale for the identification of stroke in the prehospital setting, and the Los Angeles Prehospital Stroke Screen (LAPSS), developed by a prehospital and stroke expert panel. 8, 9 Unfortunately, the generalizability and overall performance of the LAPSS and CPSS are unclear, [10] [11] [12] [13] [14] [15] [16] [17] with sensitivities ranging from 44% to 91% and specificities from 33% to 97%, dependent on the population under study. With the goal of providing paramedics with a tool that was both sensitive and specific in the identification of stroke patients, a local stroke screening tool was developed in Mecklenburg County, North Carolina. The Medic Prehospital Assessment for Code Stroke (Med PACS) was developed in conjunction with emergency medicine and neurology specialists. The Med PACS screening tool was created by combining the perceived strengths of the CPSS and the LAPSS. The primary objective of this study was to assess the effectiveness in the prehospital setting of the CPSS and the Med PACS in correctly classify patients suspected of having a stroke. A secondary analysis was performed to compare the differences in the sensitivity and specificity of the two screening tools in patients experiencing signs and symptoms of acute stroke.
METHODS
We conducted a retrospective assessment of the CPSS and the Med PACS between March 1, 2011, and September 30, 2011. We included data for this analysis from the EMS electronic patient care reports (ePCRs) and the Get With The Guidelines-Stroke (GWTG-S) registries maintained by the two local health care systems. 18 This study was approved by the Carolinas Medical Center institutional review board.
Study Setting
The EMS agency under study served a population of approximately 867,000 individuals with a yearly call volume averaging around 90,000, resulting in approximately 70,000 patient transports per year. Patients were transported to any of seven area hospitals based on patient preference or, in the absence of preference, the closest facility. Four hospitals were managed by one health care system and three by another. Each hospital system managed one tertiary referral hospital, inclusive of a level I trauma center. All hospitals were classified as capable of administering intravenous tissue plasminogen activator (t-PA) to ischemic stroke patients during the study period and there was no stroke bypass protocol for EMS in place. All ambulances were staffed with at least one paramedic and one basic emergency medical technician (EMT). First responders within the city and county were trained at the basic EMT level and had access to an automated external defibrillator (AED). Prehospital triage, treatment, and transport protocols were uniform throughout.
In February 2011, prior to initiation of the study protocol, all paramedics received a two-hour continuing education lecture regarding neurologic emergencies. The objectives of this study were not shared with the paramedics at that time, nor were the paramedics provided any additional stroke-related education or updates regarding the study during data collection.
Patient Population
We included patients in this study if they received a prehospital Med PACS screen and were transported to one of the seven local hospitals. The current EMS agency protocols stipulated that a Med PACS screen be performed on all patients who had signs or symptoms of acute stroke or transient ischemic attack (TIA). It was possible that some patients transported would not have a documented Med PACS screen, but ultimately ended up with a hospital diagnosis of stroke. We excluded these patients from the primary analysis, as an assessment of the performance of the screening tool, and not patient assessment skills, was the primary objective. We also excluded other patients, including minors (aged <18 years), if they were transported to any medical facility other than those in the inclusion criteria, or if they were secondary transports from a regional facility.
Screening Tools
The CPSS required providers to assess facial droop, arm drift, and speech clarity to identify stroke. The CPSS requires little training because of its simplicity and has been shown to increase recognition of stroke. 19 Locally the Med PACS screening tool had been in use since April 2006. The Med PACS was developed specifically for the EMS agency under study. The screening tool was designed by a team of neurologists, emergency physicians, and paramedics from the community and approved for use by the local medical control board. The Med PACS combined elements of the CPSS and the LAPSS, along with some additional neurologic examination elements. As Figure 1 demonstrates, all of the physical assessment elements of the CPSS were included within the Med PACS, while the Med PACS items related to patient history were utilized from the LAPSS. Two other physical assessment items, gaze preference and leg motor function, were included by the local prehospital stroke subcommittee based on expert opinion. A patient was said to have met Med PACS criteria for a presumptive diagnosis of a stroke if any of the five physical assessment items were abnormal.
Data Acquisition
We obtained data from the prehospital ePCR database and the GWTG-S registries from both health care systems. For all patients meeting the inclusion criteria, we collected the Med PACS score, date of transport, date of birth, and gender. We cross-referenced these data with the GWTG-S registry from each facility to determine whether patients had a hospital discharge diagnosis of stroke. Data were cross-referenced using date of birth, gender, race, and time of service. GWTG-S is a hospital-based registry sponsored by the American Heart Association utilized extensively for continuous quality improvement monitoring. 20 Any patient transported by EMS to one of the seven local hospitals with a discharge diagnosis of stroke or TIA was captured in one of the two health care systems' GWTG-S registries. All hospitals within the two health care systems provided registry data to a centralized repository. This method of data transfer and data capture was successfully implemented within this health care system for a study of patients suffering from severe sepsis. 21 
Data Analysis
After ePCR review, we classified patients as CPSSpositive or -negative and Med PACS-positive or -negative if any one of the physical assessment findings was present. For the Med PACS screen, if an eligibility criterion was positive (e.g., history of seizure disorder), then the results of the overall examination were considered negative, regardless of the physical examination findings. We classified individuals with a positive stroke screen and a stroke or TIA diagnosis in GWTG-S as true positives; those with a positive stroke screen and not in the GWTG-S registry were considered false positives. Individuals with a negative stroke screen but a final hospital diagnosis of stroke were considered false negatives. Those with a negative stroke screen who did not appear in the GWTG-S registry were considered true negatives.
Based on these classifications, we calculated sensitivity, specificity, positive and negative predictive values, and positive and negative likelihood ratios, with resultant 95% confidence intervals (CIs). We calculated these measures separately for each screening tool. We performed McNemar's chi-square analysis to compare the performances of the stroke screen tools. We conducted all statistical analysis using Stata Version 10 (StataCorp LP, College Station, TX).
Prior research had indicated that the range of sensitivity among differing stroke scales was 78% to 90% and the range of specificities was 74% to 87%. 21 We considered this prior work for determining the sample size required for this study. We targeted statistical differences in specificity to determine the sample size for this analysis. Literature indicates that specificity is the measure that is most variable, and the area in which the most increase is needed. The highest reported specificity for the CPSS was 79%, reported by Bray et al. 22 The highest reported specificity for any stroke assessment was also reported by Bray et al., at 87%, which is a 10% change in specificity. With an alpha level of 0.05 and power to detect a difference of 0.80, the sample size needed to detect a difference in the specificity reported in the literature would be 370 patients. Literature indicates that the percent change in sensitivity between the CPSS and other stroke screens is greater than 10%, thereby necessitating smaller sample sizes to detect a difference. Therefore, a sample of 370 patients should be sufficient to test the difference in the sensitivity and specificity of the CPSS compared with the Med PACS.
RESULTS
We enrolled 468 patients in this study but excluded 52 of these patients because a stroke screen was incomplete or not performed, leaving 416 (88.9%) patients eligible for analysis. Table 1 provides the descriptive statistics for the study population. The average age of the patients in this study was 66.8 (SD = 16.7). There were 226 (54.3%) patients who were female and 212 (51.0%) patients who were white. The Med PACS screen classified 293 (70.4%) patients as potentially having an acute stroke, while the CPSS classified 322 (77.4%) patients as having an acute stroke. Overall, 186 (44.7%) patients were discharged from the hospital with a diagnosis of stroke, with a majority of these patients (81.7%) discharged with a diagnosis of ischemic stroke. Table 2 displays an assessment of the effectiveness of the screening tools in correctly classifying patients suspected of having an acute stroke. Analysis indicates that neither scale in this study as tested performed with a great degree of accuracy for appropriately classifying patients. The Med PACS scale demonstrated a sensitivity of 0.742 (95% CI 0.672-0.802), while the While the reported effectiveness of these scales in this study was poor, there were significant differences between the sensitivities and specificities of the scales. Using McNemar's test, the specificity of the Med PACS was significantly higher when compared with the CPSS, with a difference in specificity of 0.086 (95% CI 0.042-0.131), p < 0.001. Conversely, the sensitivity of the CPSS was significantly higher than that of the Med PACS, with the difference being 0.048 (95% CI 0.009-0.088), p = 0.011.
DISCUSSION
Prehospital stroke screens are routinely recommended as an essential component of the prehospital evaluation of suspected stroke patients. 7 Optimally, such screens should be both sufficiently sensitive and specific that they correctly identify the most common stroke presentations and distinguish them from stroke mimics. This has become even more important recently as states are increasingly enacting legislation or regulations permitting or directing EMS routing to statedesignated or Joint Commission-certified stroke centers based on the results of prehospital stroke screens. 23 Insensitive screens could result in the transport of patients to hospitals that lack the necessary resources and the capability to treat an ischemic stroke patient with thrombolytic therapy. Alternatively, bypassing hospitals based on false-positive screens has the potential to result in costly and inconvenient hospital diversion. Furthermore, especially when hospital bypass is undertaken in more rural settings with a limited number of ambulances, inappropriate diversion based on an incorrect screen may result in decreased availability of an ambulance to transport other patients requiring acute medical treatment. Fortunately, in the urban county studied, there was no bypass protocol in effect, so this was not an issue for the EMS setting studied, but certainly does pertain to other rural settings.
Although the CPSS and the LAPSS are regularly promoted as sensitive and specific, this is called into question by published data obtained outside the Cincinnati region and Southern California, respectively. In a retrospective observational study similar to ours conducted in Southern California, Ramanujam et al. found that of 477 patients with a paramedic assessment of stroke using the CPSS, 193 had a final discharge diagnosis of stroke, resulting in a sensitivity of 44% and a positive predictive value of 40% for paramedics using the CPSS.
14 In a study of the LAPSS in Germany, the LAPSS performed better, but was still deemed to be "insufficient," based on a sensitivity of 68.3%. 15 From a specificity standpoint, equally suboptimal performance has been reported. In a study of the Durham County EMS system in North Carolina, Frendl et al. reported that of patients presenting with a CPSS abnormality, less than half had a final diagnosis of stroke or TIA. 16 Similarly, in Australia, Bergs et al. reported a specificity of only 33% for the CPSS. 17 For reasons such as these, it was reasonable to develop the Med PACS screen to determine whether sensitivity and specificity could be improved.
In our study, the Med PACS tool was inherently more complex because of the added eligibility criteria and physical examination findings. However, our results indicated that the CPSS yielded significantly increased sensitivity when compared with the Med PACS. While adding additional physical examination findings should have increased the sensitivity of the Med PACS, it is likely that the eligibility criteria eliminated any sensitivity benefit from the physical examination findings. Whereas the Med PACS had significantly better specificity than the CPSS, more recent stroke literature has suggested that the risk of administering t-PA to a patient with a stroke mimic is minimal, while not initiating t-PA therapy in stroke patients can have significant consequences. [24] [25] [26] Results from our study indicated that in an urban system where all local hospital emergency departments can deliver t-PA, a prehospital stroke screen such as the CPSS may be more useful. A screen with higher sensitivity allows for the prehospital system to alert/activate resources while lowering the probability of missing stroke patients. In a system where resources are limited and hospital bypass protocols are in place, the opposite may be true, in that a screen with greater specificity may be needed. Future prospective studies evaluating patient outcomes in a system with high-sensitivity stroke screens are needed to determine the effectiveness of resource utilization when aligned with cost.
LIMITATIONS
This study has several limitations; the generalizability of the results to other systems is an important one. The EMS system under study was urban, with all hospitals able to deliver t-PA. As such, there was no stroke bypass hospital and those patients suspected of having a stroke could be transported to any of the hospitals within the system. There were also no protocols in place related to any type of "early activation" based on prehospital assessment of stroke. The ability to transport stroke patients to any hospital may have impacted how aggressively providers utilized stroke screening tools and may account for the lower sensitivities and specificities reported in this current analysis. Furthermore, generalizability may be limited, since this was a single-center study. However, this was one of the first studies to attempt to assess the validity of the CPSS in the southeastern region of the United States.
While prehospital providers were not informed of the study purpose during annual training, they were instructed on how to adequately document patients presenting with stroke-like symptoms. However, in the ePCR, the stroke screen was not a mandatory field. Some positive strokes were identified in the GWTG-S registry that did not have a screen documented. Since the objective of this study was to evaluate the validity of the two stroke screens and not a provider's ability to recognize stroke-like symptoms, these cases were excluded. It was also likely that some patients had a stroke screen performed that was negative and therefore not recorded in the ePCR, which may have impacted the reported specificity. While data capture may have been imperfect, it likely represents the normal operation of this system and many other similar systems.
CONCLUSIONS
The two stroke scales under study demonstrated low sensitivity and specificity, with each scale performing marginally better in one of the two metrics assessed. The CPSS demonstrated statistically significant increased sensitivity and is a less-complex screening tool than the Med PACS.
